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Abstract of JP2003299962 

PROBLEM TO BE SOLVED: To carry out an 
anti-selective asymmetric aldol reaction at a 
high efficiency under moderate conditions. 
SOLUTION: A reaction of a silyl enol ether 
with an aldehyde is carried out using a chiral 
zirconium catalyst containing a zirconium 
tetraalkoxide, a compound defined by the 
formula [Chem. 1] (wherein X similarly or 
dissimilarly denotes hydrogen, bromine, 
iodine, or a perfluoroalkyl), a primary alcohol, 
and water. 
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lit I] 




[MM 2] HMai0ttiKo««ETK:, ♦✓!)^x/ 
-AoL-rA^TA'f'fc: KfcSrRJC^SrtSrWStfc 

10 0 0 1] 
[0 0 0 2] 

[ft*Oftffii3&IJ!<BKg] ##WT* K-A^EJ&tt, 

o-e*a 0 *3S*>2 o*pih-c* -n^>^r 

/vai y -/pa:— r^t T)\s? k Kt <oftfej&ft##;fr T A- 
K-y^KJS (Mukaiyama T/W K— /UKJfc) fi^fc^ 

*Vt#-O>5 0 *fc*jfi"Ctt, Sn, B, Cu, Ti§ 

^OfcfcVt*. ti£A/^0=*7A^M'*&a 5 S'>'-^7 
{0 0 0 3] r<D«fc5«Nftfttc:fc^X\ ccotti^^^ 



1, 1' -S^-A* (B I NO L) S^7/^f> 

A$ift>SM£/B-f 5 ~ <H-£o TMukaiyamaT K-AR 
[0 0 0 4] rofflRo»WJiK±ot*5 9«)lSftJ:9 

[0 0 0 5] 

fh77;^^>Kt, ft5S; 
[0 0 0 6] 
[ft 2] 
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-OH 




-OH 



[0 0 0 7] ««©Xtt. H-*feWSU*(C, TfC^S 
ASUS*. OT^*tli/^7^n7/V^Vi 

[0008] rwffli^^it S&2ictt, 

K <b £SS £ it S r £ £ iT £ 7 ^«IRtt*«* 

[0 0 0 9] 

Kfc LTtDtete^fcofcOi U"C#Jt*n^o 
[00 10] ^<DffljH©»W#|cj;5BF5£otO»ja«-e 
te, fc£x.tf, ^3^^fF7 - tert-7*K 
v'K (Zr (CTBu) 4 ) §^3^!>A7h77^ 
=i*->K£ (R) -3, 3' -^3— K-l, 1' -f 
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-f7fU>-2, 2' -v^-/U ( (R) -3, 3' - 

I 2 BlNOL) *5j:i«B-ft7/w=i-/v^e>*!ifiSix 
acitf^Sft, ^^:A>ifO^&(c:. ^CDTV^-T 

WcL/c 0 fc £ ;i 3? 1 ic^7j< Lfc £ 9 i-, 3-7*- 
bmmtSft1t*T>i/V /uy*?-fr (2d) 
ftiJtltc 5-2 Omo 1 %0*SrSRiIlf at*fi© 
[0 0 11] 

[SI] 



Ph^H + ^ 



SWe 3 



2d 

2^(0^)4 (10 moi %) 
(fl>3 l 3'-l 2 BINOl(12mol%) 
PrOH(80moJ%) 

toluene, O'C 



? H 9 



Entry HaOftno^) Yfeld/% syn/anti ee/% 



1 
2 

3 
4 
5 



HaPCS) 
HsOCS) 
HaO(lo) 
Hjp<20) 



12/88 

16/B4 

14/86 
15/85 



85 
79 
89 



38 
37 
62 
65 

61 14/88 89 

[0 0 1 2] fci;itf£©J;5fc*8*a»e>, r^fflg^ 

2 omo i%©«Ht-t«rt^#a:*n5. 

[0 0 13] ^©3BW©*JSE*-eW:^*<0*d5aB4a 

s -3:^/1/3:^ v^^- h^fe*«* ttyt v y 

(2 a) <b<0^x/UT^K— A'KJfcfcliStt 
STA'*— yuo»#£ftWLfc ($2) 0 

$tfkt4%<De e LsMlfeiKfcV* r t feiNCfcofc 
(S2, ^vhy-1) 0 *OfiqtT"Ctt, — 



y-/u^t e r t - ^y-^Oj; 5 tfSSH 

8&^9) o y^y-^(Dm^h^it. £*>&^%i&t 

fSV^«tt"C&ofc (xyhD-io) o 8 0-12 0 
4) o 

[0 0 14] 
[£2] 



PhCHO 


0SiMe 3 

^SEt 
2a 


Zr Catalyst 
ROKHzO 

toluene, 0 *C 


Prr^^sa 


Entry 


ROH (mol%) 


YtekV% 




tb 

i 




46 
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2 ' 


EtOH [50) 


P*5 
Oj 




3 


rnJn (DUJ 


84 


88 


4 


BuOH (50) 


92 


86 
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BnOH (50) 


76 


76 


6 


CF 3 CH20H (5C 


») 47 


62 


7 C 


PrOH (30) 


75 


82 
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frOHISO) 


87 


85 
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'BuOH<50) 


39 


44 


10 


PhOH (50) 


3$ 


54 


11 


PrOH (30) 


68 


74 


12 


PtOH (B0) 


91 


95 


13 


PrOH (100) 


98 


95 


14 


PrOH (120) 


94 


95 


15 


PrOH (160) 


95 


91 



B AB reactions were performed at 0 *C for 14 h h the presence of 
a 2irconlum catalyst prepared from ZCOteub (10 moJ %), 
(fl)-3 r 3 , -t 2 BINOL (12 mol %), ROH (x mcl %). and HjO (20 mol 
%). b Without hfeO. c ZrtOPrirPrOH was used Instead of 
*(Oteufc 

[0015] itbjUtik±k#9*>#Mfcb % :oHil 

frl£tt:\,^t><DXhZ>Zkt>>t>frZ><> ^co^uDfllrico^T 
J*. — «»^»2 0-2 0 Omo 1 <t 
0#*b<«t5 0-1 2 0mo 1 %, *e>fcEtfSft*> 
S«(Cj:oTli8 0-1 2 Omo 1 %©»|^tt5Ci 

[0 0 16] !B— iRT/^3-/^oa«fcov^rW:J!g!l» 
ft. SAiBttft, 3!r*IH)5ft©5t,«)#aotOTi 

[0 0 17] fitlClt ^^^^Af FyT/^^rv/ 
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SS?SrfeofctfrCcfc<, ft^-Ct, tert-BuS^ 

= Ft LTtt, Httttfctt, KJ&S«c»LT, 1 
- 1 0 Om o 1 %©(6B-eottffl^ltSh, <fc!9#£ 
L<tt, 5-5 0mol%^WH«:%IJtl 

So 

[0 0 18] IME©y*v Kft^-Wcov^Ttt:, 
l||:i-ioomoi%oil-e©ffiM 

L<(t5-60mo 1 %<^«H-C^ffiffl^%itSttSo 
[0 0 19] ^a^^fh77;^^i/K 

<^r7 > * 7 /V^/V A«jK©«5f{C 

ov>x, NMR*Btofcj| ( *WcRBll-t-a 0 rcottffifi 

^K-^D/V^Va^Uy^^ (Zr (OPr) 
4 -PrOH) % lSftCD3, 3' - I 2 BINOLM 
lS*«)H 2 0^bttftSJlfc 0 l HJW I8 C-NMRtt 

h*: (si) o zommttmiko?*'*/— ^©iwet 

4. 0, 4. 82W5. 2 ppmVamm* bW8tt&& 

[0020] r©««E*{c:^{ts^*o*^)«Wt>NM 

R#*f^W&a>fcS*tfc. P r OHt*<D5F#feTT 
tt, Zr (O'Bu) 4 £3, 3' -I 2 BINOL£iia 

ASftbtifc (H2, a) o :^CP r OHSriO?tfcfc 
d»4 9a«*^^^s*«S*tfc (02. b) , 
ttJfr, Zr (O'Bu) 4% 3, 3' - I 2 BINOLS 
tfPrOHd>fe48«ttt*K**:lP*.fcfc#, f?aw?t 
*i/^^/u*sattfc (H2, c) 0 CJx 6 



7k^#ST-CZr (0*Bu) 4 . 3, 3' -I 2 
BINOLMPrOH^bl541$:MU *LTCO 

[00 2 1] r(0*llE«)-*»«JS«r#J*UT, 

h*»6*»S*tfc*>!l^3iy^->W3i— r/w (2 a) 
tOKlSSr^^fcLrSKRU ^1X3, 3' -i 2 
BiNOL^biDftv «tyf*vHHl|-c|li $ *l 

tllto ffi*. ^n?jX (R) -3, 3' -I 2 BINO 
L&tf (S) -3, 3' - I 2 B I NOL^f)^7/^Z 

-*A«H<De e £ £j£!»tf> e e ra<DffiBB§S««r«WL 

ttifc (04) o :o«lozt 

<*»#T/v K-/uRjsS*i£>"r-e^« l as itf* 2 \c 

/Hn/-/V:r-7^2 a fcOKJCgt l/rKW1-<5&, 

(R) -3, 3' -3*3 — K-l, 1' -tft7^Uy 
-2, 2' -S?**- /V (0.0 4 8mmo 1 ) (Dh/Kx 
1/ (1. 0ml) *®®fetC, h/^^ (1. 0ml) 
+COZ r (O t B u) 4 (0. 0 4 Ommo 1 ) SrSfi-C 

JiV (0. 5ml) ^(O^n/V— A- (0. 3 2mmo 
1) &tfH 2 0 (0. 0 8 Ommo 1) £*0x., L"C 

(0. 7 5ml) f^yXr/VffcK (0. 40 
mmo 1 ) ^t/h/V^V (0. 7 5ml) ^<D^}) >V^l 
;^ ;V ^^ ;V2 a (0. 48mmol) Sraj^bTJ!JO 
X/Co 1 8 l*H«#U tLTSlPNaH 

C0 3 *«riII*TfiJ6S:ffJfc*-fr*: 0 ^noy?yi 

^^"C2lEltttbUfCo *T«S«r^fc^. ^LTilTKNa 

SKtTHF-lNHCl (2 0 : 1) SrffifflLTOt 
fl^Fp%SL^ 0 :«»NaHC0 3 

«B4r^fc>^, ^Ui*Na 2 S0 4 *CSiU: 0 5i§ 
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ftfc&g tt* y y J* ItHPLC fttir^Wfe L 

[0 0 2 2] $X±<Dbte*)<D&mW*&\ZLT 
[0 0 2 3] 41\ S^IItltW;uft Kt UT 



[00 2 4 ] >^/Wyy^u-h^e>^^txfc^r 
^JJ/UTi:*-^ (2 b) kfifffcfls/HLfco T/uf* 

[0 0 2 5] 
[£3] 



0SMe 3 ChfralZrconlum q H p 
1CH0 + R S^R2 Cat3tySt 8 < R V^vAr2 

1 £ toluene. O'C, 1B h R ^ ^ 



Entry 


Aldehyde IjR 1 


Silyl enotate2 


Yield/% 


ee/% 


1 


Ph 


2b 


95 (8l) b 


98(92)* 


2 


Ph 


2a 


91 


95 


3 


p^eOPh 


2a 


92 


96 


4 


CHgCHaCH 


2a 


76 


97 


5 


PhCH=CH 


2a 


94 


95 


6 


PhCHzCHg 


2b 


92 


80 


7 


C5H11 


2b 


93(93) c 


84{8f7) c 



*rhe eatelyst was prepared from Zr(Ofeu)4 (10 mol %), (flJ-3,3M^INOL 
(12 mol PrOH (80 mol %) and HjO (20 mol %). Without water, 
^e reaction was performed at -20 *C. 



[0 0 2 6] &f£\ ^<Om^<0^y^J;V^^Amt 

h^fe«»Snfc4rx^>y^T-fe^-^ (2 c) 
L-C^^/-^*ttfflLfcfc§, EJSttlHBIKliiltTL'r 



(2d) b(c&#$Hfco * 

[0 0 2 7] 
[£4] 
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Diasterecselective Afdol Reactions* 
Chi rai Zrconium 



pS!Me 3 

R'CHO + f^ QR 2 



toluene, O'C 18 h 



XX 



Enlry 


Aldehyde 
1;Rl 


Sflyl enolati 
2 


3 ROH 


Yield 
/% 


synfanti 


ee 
/% 


1 


. Ph 


2c 


PrOH 


79 


7/93 


96 


2 


Ph 


2c 


EtOH 


87 


7/93 


97 


3 


Ph 


2d 


PiOH 


94 


5/95 


99 


4 


Ph 


2d 


EtOH 


90 


4A6 


99 


5 


p-MeOPh 


2d 


PrOH 


89 


7/93 


98 


6 


CHsCH=CH 


2d 


PrOH 


65 


11/89 


92 


7 


PhCH=CH 


2d 


PrOH 


92 


15/85 


98 


6 


PhCHaCHz 


2d 


PrOH 


61 


14786 


89 



*The catalyst was prepared from ZrfOfeuU (10 mol %), (flJ^-I^NOL 

[oo2 8j rtifcosjfc^i^^^ mxvm&iz&^xm^T^-mnii 



hfrbmmzhit (e) -Rxf (z) -i/y^y^ 



[0 0 2 9] 
lit 3] 



Effect ot Geometry of the Sityl Enolaies 



PhCHO 



9SiEtMe2 
OMe 



SZ = B8/12 

Zr(OfeuMl0mol%) 
(fl)-3,3'-feBIN0L (12 mof%) 
EtOH (80 mof%) 
HaO(20mor%) 
toluene, O'C, 18 h 



63% Yield 
Sy7V/Vtf/=9/9l 
95% ee [Anty 



PrTy^OMe 



eZ°7<93 

[0 0 3 0] fttc, T/w^t K«3g^a*^§51-5^ 

£fTofc, Zr (O l Bu) 4 , (R) -3, 3' -I 2 
BINOL, ^u^S—frRTlfrfrbtjiZirytVi?;^ 



77%YteW 
SynM/rt-7/93 
98% ee (Antt) 

[0 0 3 1 1 
[^5] 
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Effect of Structures ol Aliphatic Aldehydes in the Reactions 



with 2d 3 



Entry 


Aldehyde 1 


YieW/% 


synfanti 


ee/% 


i 




64 


12/88 


PC 


2 


p(< ^CHO 


71 


10/90 


82 


3 




71 


1S>85 


81 


4 




56 


12/88 


89 


5 




52 




78 



[00 3 2] <«j«©tto*8>S(c:*a/j:«ji^«r*J 

■f, (R) -3, 3' -l 2 BINOL<D6, 6' 



a The catalyst was prepared from ZrtOteuU (2Q mot %), (WK^a'-feBINOL 
(24 mot %), ROH (160 mol %), and H3O (20 mcJ %). 



3, 3' -}?3 — K-6, 6' -tr* (^v^7/u^n 
^/V) -1, 1' -^7^-2, 2 7 A- 

( (R) -3, 3' -I 2 -6, 6' - (C 2 F 6 ) 2 B I 
NOL) Lfc. 

[0 0 3 3] 

Mb 4] 



Synthesis of (fl>3,3'^64 




a) Br^CHzC'2. b) NaH, MOMCtfTW, c) n-BuU, l/THF, d) MfcSiCaF* 
KF, Cut/DMF, e) *8uU, l/THF. 0 HCWWeOH 



[00 34) (R) -6, 6' — B r 2 B I 



NOLSr^O^ h^^fyV (MOM) 7VMC 
U tltI 2 t*«U6 f 6' tt©**S«r*i'3 
-KStaaftU ^l«(OtDMFtOCuC 2 F 6 $: 
&fflLT^V*:7A^n:n^/t,g|c^&LT, (R) - 
2, 2' -f^ 0< h*^^n*i/) -6, 6' -fcT 

»fc. 3, 3' ^yftwa-KMwcMOM 

SoKftgftfC* (R) -3, 3' -1 2 - (C 2 F 6 ) 2 
b i NOL^iMtti LTt|i|8£*Lfco 

[0 0 3 5] fdd; (R) -6, 6 ; -i^/n*-3, 
3' K- 1 , 1' 2' -v? 

/l/ ( (R) -6, 6' -Br 2 -3, 3' - I 2 B I 



NOL) (R) -3, 3' , 6, 6' -7^3- 

K-l, 1' -^7^6-2, 2' -S^— A- 
( (R) -3, 3' , 6, 6' - I 4 BI NOUl&St 

IC^oT^L^o (R) -6, 6' — B r 2 B 

INOLH^)^ h^rv/y^/W (MOM) 3i— f/WC^ 

*u 6, 6' flto^o^g&y^a-flsu-c h!M5vu 

*>y;MbU *LT*£>&3, 3ffiSr3^fbLT3- 
KfbLfc. **XWMfi{b3 ( I C I ) "C 

feiLt, **t^n (R) -3, 3' -I 2 -6, 6' 

-Br 2 BINOLX*l (R) -3, 3' , 6, 6' - 
I 4 B 1 NOL 
[0 0 3 6] 

Hb5] 
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Synthesis of (fl^.S'-lrW-SrsBINOL and (GWAS'-UBINOL 






a) j>BuU. Me^SIO/THF. b) s-BuU, l^/THF, c) Bfa/CCLi, d) ICt/CCI* 
e) HCI/MeOH 



[0 0 3 7) Wc^yXT/UftKt, S-xf/i/^n 
(2e) tor/UK^SK-C, 9r&&B I 
ttfcfMBUfc. 3, 3' -I 2 B I NOL^fefifiSft 



^-3, 3-IoBI 



6) o r^UV^^ttjgKKT/^t K^RJSfcrt 

pW-F (2d) S(;s-xf;vyD/<yftx- 
h (2e) ^e>WW$tife^y^3i/— y^-'T^irO 
KJfc-Ott, (R) -3, 3' , 6, 6' - I 4 B I NO 

[0 0 3 8] 
[£6] 



100 3 9] 



Improvement of the Catalyst Reactivity in the AkJol Reaction 
of Benzaldehyde and SiJyf Enolate 2e* 



Entry 


BiNQL derivatives 


YteJd/% 


syrtfantl 


ee/% b 


1 


(flJ-3»3T-yBINOL 
(6mol%) 


36 


5/95 


96 


2 


(fl)-3,3 t -lr6,5 , .Br z BINOL 
(75mot%) 


61 




98 


3 


(fl)-3,3 , ) 6 > 6 , -UBINOL 
(7^mot%) 


70 


4/96 


98 


4 


(fl)-3.3'-l 7 6.6 , -(C2F5)#WOt 
(7.5 mor%) 


71 


7/93 


96 



* Zr{0«Bu) 4 (5 mol %} and PrOH (50 mol %), HaO {1 0 mof %) v 
used. The reactions were performed at 0 *C tor 3 h. b Eeof 
an£adduct 




^1 X: H, Br. I, Cf 5 
{/7>-3 t J-l r G.6**X2BINOL 

[^7] 
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Effect of New BINOLs in Ihe Reactions oi Hexanaldehyde* 



CsHn 


CHO + 


CpSiMe3 


Zr-catalyst 






[ R toluene, 0*C, 18 h CsH,1< 






X 


SOyl enolate 


Yields 


syn/anti 


ee/% (fl/ioj 


A 
1 


u 
n 


2d 


53 


16/84 


80 


2 




2rf 


3S 


11/89 


84 


3 


1 


2d 


66 


12/88 


87 


4 


H 


2b 


9 


12/88 


93 


5 


C2F5 


2e 


80 


17/83 


93 


6 


1 


2e 


92 


11/B9 


83 



8 The catalyst was prepared from ZftOteuk (10 mot %), 
(^^-feS.ff-XaBINOL (12-15 mol %), PrOH (80 mol %), H*0 (20 

mol %). 




[0040] *>*>*»u z.<D&m(o%wn, s*±<aw;i 

[00 4 1] 



[HfioMlttMl] 

[01] ^=^!>A«ft:<ttjaCo 1 H*5J:t; 13 CC0NM 
R*^ h7i/*««LfcH-C*)S 0 
[0 2] *J»51*5»5*©f^fflSr«^UfcNMR^-<^ 

[S3] «V>e e«r^ri"$ (R) -3, 3' -I 2 BI 
NO L^&KtStbfcflUKMIMi-f ST^ K-A«ttK: 
*lt5***0)e e t (R) -3, 3' -I 2 BINO 
L^e efg©ftMBi&£0^L*:0-ejfc>5o 

[04] (R) -tt*& (S) -»WK«rJB^LT«36S 

ftfc«nt*4t«-rarA' K-^K^tt e e 

[0 5] Jt^$ti^««Ofi|igS:^L^0"efe5 < > 
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1 H and 13 C NMR Spectra of the Zirconium Complex 3 




a The complex was prepared Irom 2r(OPr)4-PrOH (1 .0 equh/.), (H)-3 t 3- 
l 2 BJNOL (1.0 equiv.), and Hfi (1.0 equlv.). 
0: free 3,3M£INOL 
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IH2] 



Effect of Water 




ISO 



no 



I ' ' I 1 1 T 1 | I I I 

120 100 BO 



a) ZrfOfeuU (1.0 equiv.) + (fl)-3,:M2BlNOl (1.0 equfv.) 

b) Zr(Oteu) 4 (1 .0 equiv.) + (flJ-W-kBINOL (1 .0 equiv.) + PrOH (5.0 equiv.) 

c) Sample b) +PrOH (2,0 equiv.) + H2O (1.0 equiv.) 
0: free3 r 3'-yBlNOL 
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Correlation between the Ee of the Product and the Ee of 
(fl)-3.3'-l 2 BINOL in the Aldol Reaction Using the CataJyst Prepared 
from (fl)-3,3 -l 2 BINOLs with low ees. 




0 <? I 1 1 1 1 

0 20 40 60 80 100 

Ee (%) of (flH^-feBINOL 
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[B4] 



Correlation between the Ee of the Product and the 
Ee of the Catalyst in the Aldol Reaction Using the Catalyst 
Prepared by Mixing (/?)- and (S)-Catalyst 




0 20 40 60 80 100 



Ee (%)ofth§ Catalyst 
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